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Preface
The field of carotenoid research has expanded enormously over the years, spreading into many diverse areas of science. Although many aspects of carotenoid research (e.g. analysis, function, biosynthesis, occurrence, and nutrition) are comprehensively covered in recent monographs, one aspect is still missing-the aroma chemistry of carotenoid-derived compounds. Up to this time, the literature on this topic has been scattered and many scientists have been unaware and unable to appreciate the crucial role carotenoids have in flavor formation. In this book, we have attempted to fill this gap by highlighting the importance that carotenoid metabolites have in the flavor and fragrance industry.
After an overview on the topic, analytical and sensory characteristics of carotenoid-derived aroma compounds are presented in Chapters 2-5. The next four chapters focus on biogenesis, means of biotechnological production as well as thermal formation. Comprehensive information about the occurrence and generation of carotenoid-derived aroma compounds in tobacco, tea, flower scents, fruits, and spices as well as grapes and wine are presented in Chapters 10-21.
The symposium on which this volume is based was sponsored by the American Chemical Society (ACS) Division of Agricultural and Food Chemistry and was presented at the 219th National Meeting of the ACS from March 26-30, 2000, in San Francisco, California. At the time of the symposium, little information was available concerning carotenoid cleavage enzymes. It has only been in the past 12 months that the understanding of carotenoid metabolism has seen a breakthrough by reports characterizing the enzymes that are responsible for the well-known and nutritionally significant cleavage of β-carotene into retinal (J. Biol Chem., 2000, 275, 11915-11920 and Biochem. Biophys. Res. Comm. 2000, 27/, 334-336) . This clearly demonstrates the dynamic activity in this challenging research field.
We especially thank our chapter authors and reviewers who have contributed to the success of the symposium upon which this book is based. as well as the ACS Division of Agricultural and Food Chemistry. It would not have been possible to pull together the worldwide authorities in this area were it not for their support.
The Nobel laureate, Paul Karrer, wrote in his memoirs: "The carotenoids are the most interesting class of compounds with which I have worked, and they have given me a great deal of pleasure." Carotenoids have been studied primarily because of their value as pigments, antioxidants, or nutrients. That carotenoids can also function as aroma precursors adds a surprising new dimension to carotenoid research. We hope that our readers will share our fascination and pleasure in understanding this complex family of aroma precursors.
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Citrus Research and Education Center University of Florida 700 Experiment Station Road Lake Alfred, FL 33850 megastigmane carbon skeleton. Differences are due to the position of the oxygen function which is located at carbon atom 9 in the ionone family and at carbon atom 7 in the damascone family (cf. Figure 1) . In addition, norisoprenoids lacking an oxygen function in the side chain are traditionally referred to as megastigmanes. One example is the passion fruit constituent megastigma-4,6,8-triene 3, which has been reported to possess a 'rose-and raspberry-like' aroma (2). Apart from ionones, damascones and megastigmanes, many other compounds with highly diverse structural features have been described, including spiroethers, acetals, and benzofurans, such as, e.g., the wine and tobacco constituents vitispirane 4 and oxoedulan 5, respectively. In addition to the most widespread thirteen carbon (C l3 ) norisoprenoids, volatile carotenoid metabolites with a C 9 , C 10 , or C n carbon skeleton are also frequently detected in nature. Examples are shown in Figure 1 . 
Brief History of Norisoprenoid Research
β-Ionone 1 was synthesized as early as 1893 by Tiemann and Kruger (3) in an attempt to clarify the structure of the key flavor compounds of orris (Iris pallida) oil -the so-called irones. But it was not before 1929 that β-ionone 1 was isolated from a natural source, i.e. Boronia megastigma (4). Five years later, picrocrocin, the β-D-glucoside of hydroxysafranal, was identified as precursor of safranal 7 in stigmas of Crocus sativus by Kuhn and Winterstein (5) . With the advent of gas chromatography and the development of GC-MS coupling, the number of identified norisoprenoid constituents dramatically increased and during the period 1960-1980 many important discoveries in the field of carotenoid-derived aroma compounds were made. A major break through was the identification of rose ketones, i.e. β-damascenone 2 and β-damascone, in Bulgarian rose (Rosa damascena) oil by Demole and coworkers in 1967, -the original results being published 20 years later, in 1987 (6,7) . Because of their extraordinarily diversified odor profiles and their extreme potency, rose ketones have become one of the most important discoveries in the field of flavor and fragrance substances (7, 8) . Apart from essential oils (7), carotenoid-derived aroma compounds were identified in many additional sources, such as, e. g., tobacco, tea, fruits and wine. For reviews cf. Refs. 9-12. During the last two decades, the focus of norisoprenoid research shifted towards non-volatile constituents. The finding of reactive carotenoid cleavage products, which accumulate in plants mainly as glycosides, has stimulated many studies on these important aroma precursors. In combination with biomimetic studies, pathways of formation for many of the key norisoprenoids from such reactive progenitors could be established (13) (14) (15) . Despite these efforts, many questions remained unanswered especially with regard to the initial steps of carotenoid cleavage. Up to now, there is more speculation than sound experimental know ledge concerning enzyme-mediated cleavage of the carotenoid chain (16, 17) .
Occurrence of Norisoprenoid Aroma Compounds
Carotenoid-derived aroma compounds have not only been detected in leaf products, such as tobacco, tea, and mate, but also in many essential oils, fruits (grapes, passionfruit, starfruit, quince, apple, nectarine), vegetables (tomato, melon), spices (saffron, red pepper), as well as additional sources such as wine, rum, coffee, oak wood, honey, seaweeds etc. It is not within the scope of this presentation to provide a comprehensive review on the distribution of carotenoid-derived aroma compounds in nature, only some examples that illustrate the importance of norisoprenoids as flavor and fragrance substances as well as their widespread occurrence in nature will be presented. 
